In this letter, we describe the demonstration of a laser-induced fluorescence (LIF) technique that provides a practical means of nonintrusively measuring the fluctuating temperatures in low-temperature turbulent wind-tunnel flows.
The method, described in detail previously,l requires that the flow be seeded with a low concentration of NO, and relies on the two-photon excitation of two selected ro-vibronic transitions in the NO y(A 2 t+, v' = 0 + x2n, v" = 0) band.
The subsequent broad-band fluorescence energies from each excitation laser pulse are then recorded by digitizing and integrating their time-dependent waveforms. Their ratio is compared with similar data obtained from a reference cell at a known temperature and related to the rotational temperature of the ground-state molecule. As a prelude to its wind-tunnel application, the technique has been demonstrated,using a nonflowing cooled cell at pressures and temperatures of interest in a wind-tunnel environment.
There are several features of this method that make it especially suitable for measuring fluctuating temperatures in turbulent flows. These features may be compared with the capabilities of other LIF technique'si,3 or coherent anti-Stokes Raman scattering (CARS) methods 4 that have all achieved similar accuracies when measuring average temperature, but that are less applicable to single-pulse thermometry in a turbulent environment.
One important feature is the use of a reference cell at known conditions to normalize the effects of pulse-to-pulse variations in laser intensity and frequency distribution. The chemical stability of NO at room conditions makes the use of a reference cell more practical than it would be using other fluorescent species reported, such as OH. Residual noise due to \ \ laser and transition bandwidth variations then remains large following normalization only if either of the two lasers is detuned from the center frequency of the transition being excited, and transition broadening is substantially different in the two cells.
Another favorable feature· is the relatively small rotational constant of NO compared to hydrogen-bearing molecules. Consequently~ upper-level quenching rates and fluorescence lifetimes are fairly insensitive to rotational quantum number and may be assumed equal for all rotational transitions being observed.
The use of a reference cell, coupled with the assumption that all rotational states decay radiatively at equal rates, eliminates the need to know the decay rates when computing a temperature from the fluorescence data. Fig. 2a) , and 50-100 for the reference cell (Fig. 2b) . systems. There, with the linewidths and Stark effects exactly equal in both channels, and with a high NO concentration to minimize photon noise, normalization to less than 1% in temperature was achieved.
. In principle, singl~-shot density measurements can also be made simultaneously with the temperature measurements for NO/N2 mixtures since NO A 2 r+(v' = 0) state quenching by N2 is small. 9 However, the measurement of density places greater demands on the measurement accuracy of the fluorescence signals, since density dete~ination is more sensitive to signal noise than temperature. Presently, the noise in the density measurem~nt using 300 ppm NO in 0.5 a~m. N2
is about a factor of 2-3 greater than the noise in the temperature measurement.
Improvements in overall measurement capability are anticipated by using a reference cell with temperature and density close to the average wind-tunnel condition being measured, and by narrowing the dye laser bandwidths and maintaining their frequencies close to transition center using intracavity etalons.
However, even the present capability is sufficient to provide adequate signalto-noise ratios for measurements of fluctuating temperatures in supersonic turbulent flows of aerodynamic interest. First pulse is fluorescence from the S11 + R21(19 1/2) excitation; second pulse is from the 511 + R21(7 1/2) excitation. Vertical amplifier bandwid~h, 20 MHz; sweep, 50 nsec/div. ..... 
